BACKGROUND
Seventy-five percent of all trauma-related deaths are related to thoracic trauma. Very few penetrating cardiac trauma patients arrive to the hospital alive. Due to its high prevalence, an understanding of the pathogenesis, manifestations and management of cardiac trauma by the medical personnel is becoming increasingly important.
METHODS
We retrospectively reviewed the files of 169 patients with a preoperative diagnosis of vascular injury who underwent management at the Aga Khan University Hospital from 2001 to 2006. Of these patients, 13 had cardiovascular and cardiac injuries.
RESULTS

23%
(n=3) had cardiac injuries; 2 had right ventricle injuries and 1 had injury to both ventricles. Great vessel injuries included: pulmonary artery (n=2), inferior vena cava (n=1), left carotid artery (n=1), left subclavian artery (n=2), and right subclavian artery (n=3). 53.8% of the patients suffered from postoperative complications. The overall mortality of patients with major thoracic vessel and cardiac trauma was found to be 15.4%.
CONCLUSION
We believe that, in the past, the inevitable delay in diagnosis led to unsuccessful thoracotomies, late transfers to the operating room and physiological deterioration of the patient. As the incidence of trauma is increasing worldwide, it is essential for surgeons to be prepared to handle cardiovascular and cardiac trauma injuries immediately, as delay can adversely affect the outcome in terms of both morbidity and mortality. All patients presenting with trauma to the chest should be assessed with a high index of suspicion for major cardiovascular injuries. Early diagnosis, prompt transfer to the operating room and speedy and perfect surgery influence a favorable outcome.
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AMAÇ
Travmayla ilişkili ölümlerin %75'i göğüs travmasını ilgilendirir. Çok az sayıda penetran kardiyak travma hastası hastaneye yaşarken ulaşmaktadır. Yüksek prevalansı nedeniyle tıp mensupları için kardiyak travmanın patogenezi, belirtileri ve tedavisinin anlaşılması giderek daha fazla önem taşımaktadır.
GEREÇ VE YÖNTEM
Ameliyat öncesi damar yaralanması tanısı konmuş ve 2001-2006 yılları arasında Aga Han Üniversite Hastanesi'nde tedavi edilmiş 169 hastanın dosyasını geriye dönük olarak gözden geçirdik. Bu hastaların 13'ü kardiyovasküler ve kardiyak travmalar geçirmişti.
BULGULAR
İki sağ ventrikül ve bir her iki ventrikül yaralanması olmak üzere 3 (%23) kalp travması vardı. Büyük damarlarda etkilenmişti: Pulmoner arter (n=2), inferior vena kava (n=1), sol karotis arter (n=1), sol subklavyen arter (n=2) ve sağ subklavyen arter (n=3). Hastaların %53,8'i ameliyat sonrası komplikasyonlar geçirmişti. Majör toraks damarları ve kardiyak travmalı hastalarda genel mortalite oranı %15,4 bulundu.
SONUÇ
Bu retrospektif değerlendirmeye göre tanıda kaçınılmaz gecikme başarısız torakotomilere, ameliyathaneye geç sevklere ve hastaların kötüleşmesine yol açtığına inanmaktayız. Dünya ölçeğinde travmaların görülme sıklığı arttığına göre, gecikme hem morbidite hem de mortalite sonuçlarını olumsuz etkileyebildiğimnden cerrahların kardiyovasküler ve kardiyak travmalara acilen müdahale etmeye hazırlıklı olmaları gerekir. Göğüs travması ile başvuran tüm hastalar majör kardiyovasküler yaralanma yüksek şüphe indeksi ile değerlendirilmelidir. Erken tanı, ameliyathaneye hızlı nakil, hızlı ve kusursuz cerrahi girişim yüz güldürücüdür.
Seventy-five percent of all trauma-related deaths are related to thoracic trauma. [1] Ten to fifteen percent of patients require definitive operative repair. [2, 3] Of the two subsets of thoracic trauma, blunt and penetrating, very few penetrating cardiac trauma patients arrive to the hospital alive, [4] Thus, rapid diagnosis and operative treatment are imperative to salvage lives that would otherwise be lost. [5] Cardiothoracic injury causes 25% of deaths immediately following trauma, and the majority of these fatalities involve either cardiac or great vessel injury. [6] In addition, between 25,000 and 30,000 Americans die from gunshot wounds each year, and 10% of these deaths are the direct result of penetrating cardiac trauma. [7] Due to the high prevalence of this type of injury, an understanding of the pathogenesis, manifestations and management of cardiac trauma by the medical personnel is becoming increasingly important.
Cardiac injury may involve the myocardium, coronary arteries, valves, or septum or presentation of a ventricular aneurysm, and mortality ranges from 10-70%. [8] Trauma patients who do suffer inferior vena cava (IVC) injuries have an exceedingly high mortality rate of 43%. [9] Penetrating wounds cause approximately 90% of injuries to branches of the arch. The innominate and subclavian vessels are the most commonly injured. [10] Despite the uncommon occurrence, such injuries require a high index of suspicion, and prompt recognition and correct approach are required to change the outcome. The mortality rate in patients with blunt chest trauma and penetrating cardiac wounds has been reported to be as high as 60%. [11, 12] We present a case series of 13 patients with major thoracic vessels and cardiac trauma who presented to us over the period [2001] [2002] [2003] [2004] [2005] [2006] . The purpose of the study was to review the algorithm of their management and the outcomes in terms of morbidity and mortality.
MATERIALS AND METHODS
We retrospectively reviewed the files of 169 patients with a preoperative diagnosis of vascular injury who underwent management at the Aga Khan University Hospital during the period 2001-2006.
Of the 169 patients, the records of 22 were missing; the remaining 147 patients were stratified into three groups according to their management algorithm. These groups were designated as observation (n=57), minimal intervention (n=67) and major thoracic trauma (n=28). In the subset of our interest, major thoracic trauma, 15 patients had tracheobronchial injury and 13 had cardiovascular and cardiac injuries.
We defined major cardiac and vascular trauma of the thoracic cavity as being highly fatal if untreated and requiring immediate intervention. Age, sex, time between injury and presentation, diagnostic modality used, time between presentation and beginning of surgery, surgical interventions performed, other associated injuries, and outcome are reported based on the retrospective audit. In this study, we included all patients with cardiac and/or cardiovascular injuries, and there was no criterion for exclusion.
In our cases of cardiac and cardiovascular trauma (n=13), demographics, types of injuries, associated or concomitant trauma, status at presentation, modes of presentation, time lag between injury and arrival to the hospital and start of the surgery, operative procedures, and patient outcomes in terms of morbidity and mortality were noted. Cardiovascular trauma is caused by various mechanisms. Deceleration and traction are the classic wounding mechanisms of the thoracic arteries. Horizontal deceleration creates shearing forces at the aortic isthmus, the junction between the aortic arch and the descending aorta. [13, 14] Cardiac trauma can be secondary to massive compression of the chest that may crush the heart and ascending aorta. Direct injury to the right ventricle can be caused by a fractured rib. [15] [16] [17] [18] In this study, we classified types of injury according to the site and mode (blunt or penetrating). Concomitant injuries were also noted.
Diagnosis of the cases was done according to physical examination, chest radiography, computed tomography (CT), ultrasound, echocardiography, and angiography. The patient's hemodynamic status at presentation was also studied. The management algorithm entailed early diagnosis, resuscitation (Advanced Basic Life Support), emergent thoracotomy in the emergency room, and definitive surgery by the trauma team in the operating room (OR).
RESULTS
A total of 13 patients with cardiac and cardiovascular injuries were treated during the five-year study period. The mean age was 26 years (range, 13-49). The majority of the patients were males (84.6%, 11 of 13). (Table 1 ) Penetrating injuries were present in 72%, blunt injuries in 21%, and combined injuries in 7%.
Cardiac injuries were present in 23% (n=3); two had right ventricle injuries and one had injury to both ventricles. Great vessel injuries included: pulmonary artery (n=2), IVC (n=1), left carotid artery (n=1), left subclavian artery (n=2), and right subclavian artery (n=3) ( Table 2 ). Forty-two percent of patients presented in stable hemodynamic condition, 33% were in shock and 25% presented with shortness of breath (SOB). At arrival, mean heart rate was 99 beats/min (range, 0-160), mean systolic blood pressure was 100 mmHg (range, 0-154), mean oxygen saturation was 83% (range, 0-100), and mean hemoglobin was 8.8 mg/dl (range, 3-14.8) (Table 3) .
Diagnosis was made mostly on clinical judgment and physical examination (n=7); three patients were diagnosed on X-ray and CT scan, two on angiography and one on echocardiography. The average time lag between injury and arrival to the hospital was 2.17 hours (range, 0.5 to 4 hours), and the time lag between arrival to the hospital and incision time was 32.13 minutes (range, 10-60) ( Table 3) .
Intraoperative blood transfusion was also preformed, and on average, 8 packed red blood cell units (range, 0-21), 4 units fresh frozen plasma (range, 0-10) and 6 units platelets (range, 0-10) were transfused.
The outcome was measured in terms of both morbidity and mortality. 53.8% (n=7) of the patients suffered from postoperative complications. Three required prolonged ventilator support, three had atelectasis, and one patient required re-exploration for bleeding. The overall mortality of patients with major thoracic vessel and cardiac trauma was found to be 15.4%. Two of our patients died, three were alive with Table 3 . Time lag
In conclusion, the heart and great arteries can be wounded simultaneously, and the mortality secondary to these injures is high if not treated promptly. All patients presenting with trauma to the chest should be assessed with a high index of suspicion for major cardiovascular injuries. Early diagnosis, prompt transfer to the operating room and speedy and perfect surgery influence a favorable outcome.
DISCUSSION
By applying the protocol for cardiovascular and cardiac trauma, our trauma team was able to appropriately diagnose the trauma patients, start appropriate resuscitation, and carry out investigations and assessment. We believe that, in the past, the inevitable delay in the diagnosis led to unsuccessful thoracotomies, late transfers to the operating room and physiological deterioration of the patients. The recent increased efficiency in transporting trauma patients to hospitals has also increased the number of patients who reach the emergency room alive. [19] [20] [21] The mortality rate of patients with aortic rupture who reach the hospital ranges from 7%-55%. [22] [23] [24] Rapid diagnosis is the cornerstone in the management of these patients. In a patient with a normal chest radiograph, diagnosis of the injured aorta must be excluded. For this purpose, normal CT results can rule out an injury to the aorta and obviate the need for further examination. [25] If the mediastinum is enlarged after trauma to the chest, angiography is required to establish a diagnosis, as both CT and transesophageal echocardiography can miss certain vascular injuries, especially of the arch vessels. [26, 27] In our study, 77% (n=10) of patients were diagnosed on clinical judgment, physical examination, X-ray, and CT scan; 23% required tests like angiography and echocardiography. Surgery is indicated for the repair of most arterial lesions. [28, 29] Of the patients with traumatic aortic rupture who make it to the hospital alive, 75% are hemodynamically stable. [30] However, only 42% of the patients in our study presented in stable hemodynamic condition while 33% were in shock. In this study, the average time lag between injury and arrival to the hospital was 2.17 hours, and the time lag between arrival to the hospital and incision time was 32.13 minutes. 53.8% of the patients suffered from postoperative complications. The overall mortality of patients with major thoracic vessel and cardiac trauma was found to be 15.4%.
As the incidence of trauma is increasing worldwide, it is essential for surgeons to be prepared to handle cardiovascular and cardiac trauma injuries immediately, as delay can adversely affect the outcome in terms of both morbidity and mortality. The two most common modes of presentation of cardiac injury are cardiac tamponade and excessive hemorrhage. [31] Equipped with knowledge of the variety of presentations, a high index of suspicion, structured approach and rapid diagnosis are the essentials for acceptable outcomes.
